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633p < 0.001). At the baseline study visit, 64% of participants with
T1DM and 72% of nondiabetic participants had zero CAC on both
baseline scans. In both groups, 16% had low CAC at baseline (>0 to
10 AU).
From baseline to 6 years, CAC progressed in 42% of participants
with T1DM compared with 30% of the nondiabetic participants
(p < 0.001). Figure 1 displays the percent of participants
with CAC progression according to diabetes status and baseline
CAC category, with a signiﬁcant trend across all CAC categories
(p < 0.001).
In logistic regression analysis adjusted for age, sex, diabetes status,
body mass index, glycosylated hemoglobin, and albumin creatinine
ratio, a CAC score >0 to 10 AU was associated with a 2.5-fold
increase in odds for progression (odds ratio: 2.5 [95% conﬁdence
interval: 1.6 to 3.9]). A mild CAC score (>10 to 100 AU) was
associated with a 12-fold increase in odds for progression (odds
ratio: 12.0 [95% conﬁdence interval: 6.2 to 23.1]). The relationship
between baseline CAC and progression did not differ by diabetes
status.
We have shown, in a young population of individuals with
T1DM and a similarly aged group of nondiabetic individuals, that
the presence of CAC at low levels (>0 to 10 AU), is signiﬁcantly
associated with progression over 6 years of follow-up. Although the
risk of the progression of CAC may be modest with low CAC
scores, it is signiﬁcantly higher than for zero CAC. These results are
important for understanding the signiﬁcance of low CAC on
computed tomography scans and for determining clinically impor-
tant values for use in future research.
Amy C. Alman, PhD,* John E. Hokanson, PhD,
Gregory L. Kinney, PhD, MPH, David M. Maahs, MD, PhD,
Marian J. Rewers, MD, PhD, Janet K. Snell-Bergeon, PhD, MPH
*Department of Epidemiology and Biostatistics, College of Public
Health, University of South Florida, 13201 Bruce B. Downs Boulevard,
MDC 56, Tampa, Florida 33612. E-mail: aalman@health.usf.edu
http://dx.doi.org/10.1016/j.jcmg.2013.11.012
Please note: Financial support was provided by the National Institutes of Health
(National Heart, Lung, and Blood Institute grants R01 HLR01113029, R01
HL61753, and R01 HL079611). Dr. Snell-Bergeon was supported by the American
Diabetes Association Jr. Faculty Award 1-10-JF-50. The CACTI study was also
partially supported by the Clinical Translational Research Center at the University of
Colorado Denver, which was supported by the National Institutes of Health M01
RR000051. All other authors have reported that they have no relationships relevant to
the contents of this paper to disclose.R E F E R E N C E S
1. Budoff MJ, McClelland RL, Nasir K, et al. Cardiovascular events with
absent or minimal coronary calciﬁcation: the Multi-Ethnic Study of
Atherosclerosis (MESA). Am Heart J 2009;158:554–61.
2. Blaha M, Budoff MJ, Shaw LJ, et al. Absence of coronary artery
calciﬁcation and all-cause mortality. J Am Coll Cardiol Img 2009;2:
692–700.
3. Taylor AJ, Fiorilli PN, Wu H, et al. Relation between the Framingham
Risk Score, coronary calcium, and incident coronary heart disease among
low-risk men. Am J Cardiol 2010;106:47–50.
4. Dabelea D, Kinney G, Snell-Bergeon JK, et al. Effect of type 1 diabetes
on the gender difference in coronary artery calciﬁcation: a role for insulin
resistance? The Coronary Artery Calciﬁcation in Type 1 Diabetes
(CACTI) Study. Diabetes 2003;52:2833–9.5. Hokanson JE, MacKenzie T, Kinney G, et al. Evaluating changes in
coronary artery calcium: an analytic method that accounts for interscan
variability. AJR Am J Roentgenol 2004;182:1327–32.Mechanism of Aortic Valve
Opening: Beyond the
Pressure Gradient
Regurgitation across cardiac valves is driven by the presence
and size of a regurgitant oriﬁce and transvalvular pressure gradient.
Thus, under normal circulatory conditions, aortic regurgitation
is a diastolic phenomenon that occurs in the setting of an incom-
petent aortic valve when pressure in the aorta exceeds that of
the left ventricle. The paradoxical phenomenon of systolic aortic
regurgitation (SAR) has been previously identiﬁed in patients
with arrhythmias, after palliative operations for congenital
heart disease, and in patients with left ventricular assist devices
(LVADs) (1–3).
Herein, we describe a series of 3 cases of SAR in the setting of
continuous ﬂow LVAD (2 patients with the HeartMate II device
[Thoratec Corporation, Pleasanton, California]), and 1 patient with
a HeartWare device (HeartWare International Inc., Framingham,
Massachusetts). Parasternal echocardiographic imaging in the ﬁrst
patient demonstrated trivial systolic aortic valve movement while
purely SAR appears during every heart cycle (Fig. 1A, Online Video 1).
There was no regurgitation during diastole as evidenced by both
parasternal color M-mode (Fig. 1B, arrows) and pulsed-wave
Doppler of the outﬂow tract just below the aortic valve plane
(Fig. 1C, arrows showing SAR but not diastolic aortic regurgita-
tion). In the second patient, aortic regurgitation was trivial but
continuous (Fig. 1D, Online Video 2); color M-mode captured only
SAR (Fig. 1E, arrows). There was continuous regurgitation on
pulsed-wave Doppler, with reduced gradient (lower velocity) but
increased Doppler density in late systole (Fig. 1F, arrows). Finally,
the third patient had continuous aortic regurgitation, with signiﬁ-
cant increase in aortic regurgitation vena contracta during systole
(Figs. 1G and 1H, Online Video 3).
SAR occurred in all 3 patients long after device implantation
(130, 134, and 438 days, respectively). There was no evidence
of device malfunction according to clinical (no change in effort
ability) and echocardiographic (neutral position of the interven-
tricular septum, laminar ﬂow with normal velocities in inﬂow
and outﬂow cannulae) criteria. Cardiac output (estimated from the
right ventricular outﬂow tract diameter and time-velocity integral)
was at the low end of normal (4.8, 4.9, and 5.3 l/min, respectively)
and was unchanged compared with previous echocardiographic
studies.
Presence of SAR in this series of patients with LVADs offers
unique insights into valvular physiology. In all patients, systolic
increase in left ventricular pressure was demonstrated by mitral valve
closure (Online Videos 4, 5 and 6). Conversely, aortic systolic
pressure clearly exceeded ventricular pressure, a fact demonstrated by
the presence of SAR at the time of systolic opening of the aortic
valve. Given that left ventricular pressure cannot induce conven-
tional “valvular opening,” a mechanism other than pressure gradient
must be involved.
Figure 1. Systolic Aortic Regurgitation in Patients With LVADs
(A through C) Images from patient #1. (A) Systolic frame from parasternal long-axis view of aortic valve demonstrates trivial systolic aortic regurgitation (SAR)
(Online Video 1). (B) Color M-mode shows no regurgitation during diastole. (C) Pulsed-wave Doppler of the outﬂow tract conﬁrms systolic but not diastolic aortic
regurgitation. (D through F) Patient #2. (D) SAR demonstrated in systolic frame (see also Online Video 2). (E) Color M-mode shows SAR (arrows). (F) Pulsed-wave
Doppler demonstrates continuous regurgitation, with increased Doppler density in late systole (arrows). (G and H) Patient #3. The third patient had continuous aortic
regurgitation, with signiﬁcantly larger vena contracta during systole (G) than diastole (H, Online Video 3). (I) We hypothesized that conformational changes in the
aortic annulus to a more circular shape in systole were responsible for the valve opening. Online Videos 4, 5, and 6 show systolic mitral valve closure, demonstrating a
systolic increase in ventricular pressure in all 3 patients. LVADs ¼ left ventricular assist devices.
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634The systolic increase in left ventricular pressure above the level
of left atrial pressure leads to posterior displacement of the aorto-
mitral curtain, with conformational changes of left ventricular
outﬂow tract from an oval (in diastole) to a more circular shape in
systole (Fig. 1I). We hypothesized that these systolic confor-
mational changes in the left ventricular outﬂow tract, aortic
annulus, and possibly the aortic root are responsible for valvular
opening despite the higher aortic pressure. Another possibility is
elastic recoil of the aortic valve leaﬂets and reduced leaﬂet
coaptation on the background of reduced transvalvular pressure
gradient in systole. Elastic properties of the aortic root may also
play a role.
These observations have signiﬁcant clinical implications in the
era of expanding use of transcatheter aortic valve replacement and
LVAD implantations. Amid ongoing efforts to better characterize
the aortic anatomy pre- and intraoperatively, taking into account
the dynamic conformational changes occurring throughout the
cardiac cycle could lead to more appropriate patient and prosthetic
valve selection, and ultimately improve procedural success rates
and clinical outcomes.Konstantinos C. Siontis, MD, Vuyisile T. Nkomo, MD, MPH,
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For supplemental videos and their legends, please see the online version of this article.
